
(12) United States Patent 
Yabe 

USOO8402298B2 

US 8402,298 B2 
Mar. 19, 2013 

(10) Patent No.: 
(45) Date of Patent: 

(54) ARRAY-TYPE PROCESSOR HAVING DELAY 
ADJUSTING CIRCUIT FOR ADUSTING A 
CLOCK CYCLE IN ACCORDANCE WITH A 
CRITICAL PATH DELAY OF THE DATA PATH 

(75) Inventor: Yoshikazu Yabe, Kanagawa (JP) 

(73) Assignee: Renesas Electronics Corporation, 
Kanagawa (JP) 

(*) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 1074 days. 

(21) 

(22) 

Appl. No.: 12/071,221 

Filed: Feb. 19, 2008 

(65) Prior Publication Data 

US 2008/O2O1526A1 Aug. 21, 2008 

(30) Foreign Application Priority Data 

Feb. 20, 2007 

(51) 

(JP) ................................. 2007-039624 

Int. C. 
G06F L/2 (2006.01) 
G06F I/00 (2006.01) 
U.S. Cl. ........................................ 713/400; 713/500 
Field of Classification Search .................. 713/400, 

713/500, 322, 401 
See application file for complete search history. 

(52) 
(58) 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,574,345 A * 3/1986 Konesky ....................... T13/600 
5,598.408 A * 1/1997 Nickolls et al. ............... 370,351 
5,682,491 A * 10/1997 Pechanek et al. 712/209 
5,742,180 A * 4, 1998 DeHon et al. ... ... 326/40 
6,141,762 A * 10/2000 Nicol et al. ................... T13,300 
6,738,891 B2 5/2004 Fujii et al. 
7,003,055 B2 * 2/2006 Sexton et al. ................. 375,341 

7.350,054 B2 3/2008 Furuta et al. 
7.366,816 B2 * 4/2008 Rai ............................... 710,307 

2001/00 14922 A1* 8/2001 Kuge .............................. T10.36 
2001/0030903 A1* 10/2001 Kuge et al. .. ... 365,233 
2002/0038418 A1 3/2002 Shimamura ................... 712/245 
2004/0103264 A1 5/2004 Fujii et al. 
2007/0096775 A1* 5/2007 Elgebaly et al. .......... 327/105 
2007/0241771 A1* 10, 2007 Schmit et al. ................... 326/38 
2007,0266268 A1* 11/2007 Abbo et al. .... T13,322 
2008/0025379 A1* 1/2008 Hayem et al. ................. 375,216 

FOREIGN PATENT DOCUMENTS 

JP 64-007252 1, 1989 
JP 4-74207 (A) 3, 1992 
JP 2000-181566 (A) 6, 2000 
JP 2003-76668 (A) 3, 2003 
JP 2004-133781 4/2004 
JP 3674515 5, 2005 

* cited by examiner 

Primary Examiner — Thomas Lee 
Assistant Examiner — Phil Nguyen 
(74) Attorney, Agent, or Firm — Foley & Lardner LLP 

(57) ABSTRACT 

Disclosed is an array-type processor including a data path 
unit in which a plurality of processor elements are arranged in 
an array; a state-transition management unit that stores infor 
mation for controlling changeover of data paths; and a delay 
adjusting circuit that adjusts delay of the input clock signal 
based upon information output from the state-transition man 
agement unit, and provides the delay-adjusted clock signal to 
the data path unit. The delay adjusting circuit has a delay 
control information memory and a programmable delay. The 
delay control information memory stores a plurality of items 
of delay control information, delay control information is 
read out using a configuration number Supplied from the 
state-transition management unit as an address, and the delay 
control information is applied to the programmable array. The 
programmable delay delays the input clock signal by a delay 
time specified by the delay control information and provides 
the delayed clock signal to the data path unit. 

4 Claims, 14 Drawing Sheets 
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1. 

ARRAY-TYPE PROCESSOR HAVING DELAY 
ADJUSTING CIRCUIT FOR ADUSTING A 
CLOCK CYCLE IN ACCORDANCE WITH A 
CRITICAL PATH DELAY OF THE DATA PATH 

REFERENCE TO RELATED APPLICATION 

The present application is claiming the priority of the ear 
lier Japanese patent application No. 2007-039624 filed on 
Feb. 20, 2007, the entire disclosure thereof being incorpo 
rated herein by reference thereto. 

FIELD OF THE INVENTION 

This invention relates to a processor that is capable of 
executing desired processing by being programmed. More 
particularly, the invention relates to an array-type processorin 
which processor elements are arranged in the form of an 
array. 

BACKGROUND OF THE INVENTION 

A variety of microprocessors are known to be program 
mable devices. In Such a microprocessor, instructions stored 
in memory are read out successively and executed sequen 
tially. The microprocessor implements a series of processes 
of interest by combining and executing, in accordance with 
the order in which the instructions are processed, individual 
instructions each of which specifies very simple processing. 

This microprocessor is such that since the number of 
instructions that can be executed simultaneously by a single 
processor is several at most, the degree to which processing 
capability can be improved is limited. More specifically, if the 
same processing is applied to a large quantity of data, it is 
necessary to repeat sequential processing for one item of data 
at a time. This means that processing capability cannot be 
improved. 
On the other hand, in a case where the data processing to be 

executed is limited to a single data process, if a logic circuit is 
formed by hardware so as to execute the single data process, 
it will not be necessary to read instructions out of memory in 
order and sequentially execute processing in order. Although 
this will make it possible to execute complex data processing 
at high speed, naturally only a single data process can be 
executed. 

In other words, with a data processing system in which 
application programs are Switched among freely, various 
types of data processing can be executed but it is difficult to 
execute data processing at high speed because it is necessary 
to execute processing sequentially. 

With a logic circuit comprising hardware, on the other 
hand, it is possible to execute data processing at high speed 
but only a single data process can be executed because the 
application program cannot be modified. 

In an effort to eliminate these tradeoffs, array-type proces 
sors have been proposed as data processing devices in which 
the configuration of the hardware changes in conformity with 
the software (see Patent Documents 1 to 3). 
An array-type processor described in Patent Document 1 is 

a Small-size, high-capability array type processor provided 
independently with a data path unit, which operates primarily 
as an operating unit, comprising an array of processor ele 
ments electrically connected by programmable Switches, and 
a state-transition management unit, which exercises control, 
configured to facilitate implementation of State transition 
means, these sections being implemented by configurations 
customized to the purpose of processing. 
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2 
FIG. 10 illustrates the configuration of an array-type pro 

cessor disclosed in FIG. 1 of Patent Document 1. As shown in 
FIG. 10, the array-type processor includes a data path unit 102 
and a state-transition management unit (or simply a state 
management unit) 101 for controlling the data path unit 102. 
The data path unit 102 includes a plurality of processor ele 
ments (PE) 105 disposed in a two-dimensional array. 
The array-type processor described in Patent Documents 1 

and 2 manages the “state' of operation of the processor by, 
e.g. a number (state number). On the assumption that man 
agement of processor operation will transition from a certain 
operating state to another operating state, a state number that 
has been stored in a state management information memory 
121 of the state-transition management unit is read out and the 
processor performs an operation corresponding to the State 
number read out. It should be noted that the term “state' refers 
to the state of a processor element 105 or programmable 
switch element 106. 

This state number is associated with the address of an 
instruction code memory that stores an instruction code and 
the address of a connection-configuration information 
memory that specifies the mutual connection configuration 
between programmable switch elements 106 (there are cases 
where these two addresses are simply referred to as “instruc 
tion code addresses'), these being output from the state 
transition management unit 101. The operation of the proces 
sor elements 105 and the relationship of the connections of 
the programmable switch elements 106 are decided by an 
instruction code address applied to the data path unit 102 
through an operation control path 103. Specifically, each 
processor element 105 performs an operation in accordance 
with the instruction code address supplied thereto. Further, 
each programmable switch element 106 makes an electrical 
connection between the interior and exterior of the data path 
unit 102. The state number will be described below directly in 
the form of an instruction code address. 
The state-transition management unit 101 has a state-tran 

sition table memory (not shown). The state number of a 
Subsequent cycle is stored in the state-transition table 
memory. State numbers are read out successively in accor 
dance with the present internal state of the state-transition 
management unit 101 or the condition of an event signal from 
the outside. Since the state signal is in the form of an instruc 
tion code address, the State signal that has been read out is 
input to the data path unit 102 through the operation control 
path 103. 

FIG.11 illustrates atypical example of the configuration of 
the processor element 105. The processor element includes 
configuration information memory 201, a function unit 202 
and a wiring connection circuit 203. Although the wiring 
connection circuit 203, which serves as a switch element, and 
the configuration information memory 201 are placed in the 
processor element 105, these may be placed outside the pro 
cessor element. 
The configuration information memory 201 is a memory 

that stores a plurality of items of configuration information. 
The configuration information is read out using a state num 
ber 210 from the data path unit 102 of FIG. 10 as an address. 
Similarly, an instruction code is read out of an instruction 
code memory (not shown) in the data path unit, and a decoded 
instruction code 115 is applied to a processor element 11. 

Configuration information 209 is a signal that sets the 
connection relationship between the function unit 202 and the 
wiring connection circuit 203, namely the internal configu 
ration of the processor elements. This information is Supplied 
from the configuration information memory 201 to the func 
tion unit 202 and wiring connection circuit 203. 
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The function unit 202 has one or more functions such as 
those of an arithmetic unit, memory and register, etc., and the 
wiring connection circuit 203 has a function for changing 
over the connection of the function unit in each processor 
element and the connections between processor elements. 

Further, by way of example, the function unit 202 is con 
stituted by two register file units (RFU1, RFU2), two multi 
plexers (MUX1. MUX2) and an arithmetic and logic unit 
(ALU). 

In each processor element, configuration information cor 
responding to a state number is read out of the configuration 
information memory 201, and the function of the function 
unit 202 and connections of the wiring connection circuit 203 
are decided. 

Since the data path constructed by the entire array is thus 
decided by the configuration information, data paths equiva 
lent to the number of items of configuration information that 
can be stored in the configuration information memory 201 
can be constructed. 

Since the configuration information 209 is read out by the 
state number 210, the configuration of the data path can be 
modified by controlling the state number. This constructing of 
a connection relationship in accordance with configuration 
information in the configuration information memory 
pointed to by the state number is referred to as “mapping. 

After mapping is carried out, the data path unit executes 
processing in conformity with instruction code 211 from the 
instruction code memory. 
Mapping is performed utilizing all operation resources and 

wiring resources of the data path unit 102. Naturally, divided 
processes cannot be executed by the data path unit 102 simul 
taneously, but the state-transition management unit 101 
changes over mapping of the data path cycle by cycle and 
executes the divided processes one after another. 

In other words, the processor of the above-described type 
causes state numbers to make a transition and sequentially 
processes instructions corresponding to the state numbers by 
circuit configurations corresponding to the state numbers, 
thereby executing the application. 
When an application program to be processed is compiled 

in the array-type processor of the above described related art, 
the application program is analyzed and is converted to the 
form of a state transition of a processor element or Switch 
element. Upon executing the application program, into what 
circuit configuration (connection information of the data path 
unit) the processor element or switch element is to be placed 
and what instruction is to be executed at the time of this state 
are converted to a state number, configuration information of 
the circuit and instruction code, and transition information 
indicating the course of this state transition is constructed. 
Before the application program is executed, the state number 
and transition information are stored in the state-transition 
management unit and the configuration information of the 
circuit and instruction code are stored in the data path unit. 
The transition information is stored in the transition table. 
The operation of an example of the related art will be 

described with reference to a detailed arrangement. 
As execution of an application program, the array-type 

processor disclosed in Patent Documents 1 and 2 uses a 
sequencer (not shown) to output state numbers 210 from a 
state-transition table memory (not shown) of the state-transi 
tion management unit 101 to the processor elements 105 (and 
switch elements 106) of the data path unit 102 successively 
through the operation control path 103. Here the switch ele 
ment 106 is incorporated in the processor element 105 as a 
wiring connection circuit 203. Upon receiving a state number 
210, the processor outputs the configuration information 
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4 
specified by the state number 210 to the function unit 202 and 
wiring connection circuit 203. 

Further, the state number 210 is sent to an instruction code 
memory (not shown), an instruction code is read out from the 
address of the instruction code memory that corresponds to 
the state number 210 and a decoded instruction code 211 is 
sent to the processor element 105. The instruction code 211 is 
sent to the ALU 208 and registers RFU1 (204) and RFU2 
(205) within the processor element 105. 

Thus, the configuration information is stored in the con 
figuration information memory 201 in advance. 

In the function unit 202, the configuration information thus 
sent is input to the multiplexers MUX1 and MUX2 as input 
selection signals, thereby constructing this partial circuit con 
figuration. 

Similarly, in accordance with configuration information 
read out from the configuration information memory 201, the 
wiring connection circuit 203 constructs a circuit configura 
tion between the RFU1, RFU2, MUX1, MUX2 and wiring 
connection circuits of the processor elements above, below 
and to the left and right of its own processor element and 
performs a data transfer between the wiring connection cir 
cuits of the processor elements in accordance with the circuit 
configuration constructed. 
By thus constructing the circuit, a write address and a read 

address, for example, are input to the RFU1, RFU2 from the 
instruction code 211 obtained by decoding the instruction 
code that has been read out of the instruction code memory or 
from another processor element through the wiring connec 
tion circuit 203. 

In accordance with this input selection signal, MUX1, 
MUX2 selecteitheran input from the register file unit (RFU1, 
RFU2) or an input from the wiring connection circuit 203 and 
output this signal as data to the ALU 208. 
The instruction code 211 along with the circuit architecture 

based upon the configuration information are sent to the ALU 
208. The ALU 208 subjects the data, which has been input in 
accordance with the constructed circuit, to processing that 
conforms to the instruction code and outputs the result to the 
wiring connection circuit 203. The wiring connection circuit 
203 delivers this to the processor element of the succeeding 
stage that operates in a similar manner. 

This series of operations is repeatedly executed by the 
application program in accordance with the state transition of 
the array-type processor. It should be noted that the state 
transition of the array-type processor is performed in Sync 
with a clock. 

FIGS. 12 and 13 illustrate an example of the data-path 
configuration (example of mapping) of a data path unit using 
this processor element. 

Here processor elements (PE) are arranged in the form of a 
4x4 two-dimensional array. In FIGS. 12 and 13, for the sake 
of convenience, RFU1, RFU2 and ALU in FIG. 11 are indi 
cated by R1, R2 and A, respectively. Further, in order to 
distinguish among the processor elements within the array, 
numbers PE(i,j) are assigned to each of the processor ele 
ments, as illustrated. 

FIG.12 (configuration example 1) illustrates an example of 
a case where a path on which a plurality of ALUs exist is 
constructed between registers, which are sequential circuits. 
FIG. 13 (configuration example 2) illustrates an example of a 
case where, conversely, a path not having even a single ALU 
is constructed between registers. In other words, FIG. 12 
(configuration example 1) is an example of a case where 
critical path delay is large, whereas FIG. 13 (configuration 
example 2) is an example of a case where critical path delay 
is Small. 
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If we let 1T (a unit of delay) represent the data transfer 
delay between processor elements and the delay of the ALU, 
then the critical path of configuration example 1 in FIG. 12 
will be the path from PE (0,0) to PE (3.3), and the delay time 
will be 6T (the three delays of the ALUs and the three data 
transfer delays between processor elements). 

Further, in the configuration example 2 of FIG. 13, there 
are three paths, namely paths from PE (0,0) to PE (0,1), from 
PE(0,1) to PE (0,2) and from PE (0,2) to PE (0.3). However, 
the total delay time is 1T and the critical path delay also is 1T. 

With the array-type processor of the related art described in 
Patent Documents 1 and 2, the transition of the state of the 
data path unit at the time of actual operation is decided by the 
compilation result of the application program. In other words, 
what the transition of the change in the circuit configuration 
will be is decided. 

With such an array-type processor of the related art, 
arrangements having significantly different critical path 
delays (6T and 1T) are switched between every clock cycle of 
the array-type processor, as in configuration examples 1 and 
2, and this Switching takes place frequently. 

With such an array-type processor of the related art, maxi 
mum operating frequency is decided by the maximum value 
of the critical path delays of the entire configuration. In this 
case, /6T is the maximum operating frequency. 

FIG. 14 is a timing chart useful in describing the problems 
of the related art shown in FIG. 10. It should be noted that 
FIG. 14 has been created by the present patent applicants in 
order to describe the problems of the related art; it is not cited 
in Patent Document 1. 

In FIG. 14, T1, T2, T3, T4 and T5 represent the rise timings 
of a clock, and C1, C2, C3 and C4 represent the intervals 
between these timings. 

The shaded portions of the data path indicate that the state 
of the data path has not been determined, and d1,d2, d3 and 
d4 indicate critical path delays. Among these, d4 is the largest 
delay. Cycle time must be equal to or greater than d4. 
The critical path delay d3 of the T3 cycle is small in 

comparison with d4, and processing is not executed during 
the time that corresponds to the difference between these. 
This time is wasted time if processing efficiency is consid 
ered. 

With the related art described above with reference to 
FIGS. 10 to 13, it is possible to switch among a plurality of 
data paths based upon configuration information. However, in 
a case where the critical path delay of every data path is 
different, it is necessary to make operating frequency con 
form to the maximum delay; operationathigh speed in excess 
of this value of frequency is not possible. 

In particular, if the variation in critical path delay is large, 
an arrangement having a small critical path will not execute 
any processing for a large part of cycle time. 

If delay time is divided equally when processing is divided 
into data paths (when the above-described compiling is per 
formed), the problem is solved. In actuality, however, such 
allocation is technically difficult at present. 
When an application is compiled and processing is divided 

into data paths, processing efficiency can be raised by adjust 
ing cycle time in conformity with critical path delay rather 
than equalizing critical path delays. In general, however, pro 
cessors that execute processing in parallel operate on the 
assumption of cycle time of a fixed time interval. Although 
the processors execute processing in Sync in a case where the 
processors communicate, they operate independently at other 
times. 
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6 
In general, therefore, it is difficult to adjust the cycle time of 

parallel processing processors and to improve operation effi 
ciency. 
The arrangement of Patent Document 3 is an example of 

related art under specific conditions. This arrangement is 
characterized in that in data transfer between processor ele 
ments, cycle time is adjusted in accordance with this data 
transfer time. Patent Document 3 is a technique regarding 
data transfer and does not give a detailed description regard 
ing the configuration of a processor array. In addition, for the 
reasons set forth above, with the related art it is difficult to 
implement adjustment of cycle time that takes the operation 
time of processor elements into account. Furthermore, in 
Patent Document 3, it is necessary to operate processors using 
the double edges of a clock. Further, in generation of the 
clock, it is necessary to use a clock whose half period is 
operation time (ALU delay time). The problem is that a clock 
having a high speed in comparison with cycle time is 
required. 

Patent Document 1 Japanese Patent No. 3674515 
Patent Document 2 Japanese Patent Kokai Publication 

No.JP-P2004-133781A 
Patent Document 3 Japanese Patent Kokai Publication 

No.JP-A-64-7252 

SUMMARY OF THE DISCLOSURE 

As mentioned above, in the array-type processor of the 
related art, it is difficult to adjust the cycle time of parallel 
processing processors and to improve operation efficiency in 
accordance with the critical path of every clock cycle. Fur 
ther, in a processor of the kind described in Patent Documents 
1 and 2 in which a plurality of processor elements (PEs) 
arranged in an array and Switch elements for changing over 
the connection relationships between processor elements by 
hardware are provided in the same semiconductor element, 
the connection between processor elements is changed over 
by Switch elements in accordance with an executed applica 
tion program, and the circuit structure is changed dynami 
cally by changing the connection relationships or number of 
arithmetic and logic units (ALUs) provided in paths (data 
paths) between sequential circuits (flip-flops, latches and 
memories, etc.) possessed by the array-type processor, it is 
difficult to equalize critical path delays and improve process 
ing when an application is compiled and processing is divided 
into data paths. 

According to the present invention, there is provided an 
array-type processor in which the configuration of a data path 
is allowed to be changed over in association with a clock 
cycle, comprising a circuit unit that adjusts a delay of a clock 
signal Supplied thereto, length of the clock cycle being adjust 
ably changed in accordance with the data path configured. 
More specifically, an array-type processor according to the 

present invention comprises: a data path unit in which a 
plurality of processor elements are arranged in an array; a 
state-transition management unit storing information for con 
trolling changeover of data paths; and a delay adjusting cir 
cuit that adjusts a delay of an input clock signal based upon 
information output from the State-transition management 
unit, and provides the delay-adjusted clock signal to the data 
path unit; wherein length of a clock cycle is adjustably 
changed in accordance with the data path configured. 

In the present invention, the delay adjusting circuit 
includes: a delay control information memory and a program 
mable delay; wherein the delay control information memory 
stores a plurality of items of delay control information, delay 
control information is read out using a state number from the 
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state-transition management unit as an address, and the delay 
control information is applied to the programmable array; and 
the programmable delay delays the input clock signal by a 
delay specified by the delay control information and provides 
the delayed clock signal to the data path unit. 

In the present invention, each processor element includes: 
a configuration information memory for holding a plurality of 
items of configuration information, the configuration infor 
mation being read out using a state signal, which is Supplied 
from the State-transition management unit, as an address; a 
function unit including at least one function from among the 
function of an ALU, the function of a memory and the func 
tion of a register, and a wiring connection circuit for changing 
over the form of connection in the function unit in the pro 
cessor element and the form of connection with other proces 
Sor elements; wherein the function unit and wiring connec 
tion circuit have their form of connection and operation 
decided by configuration information from the configuration 
information memory. 

In the present invention, the delay adjusting circuit receives 
a clock changeover signal for controlling changeover of an 
output from the programmable delay between an output at the 
time of program operation and an output at the time of data 
processing; wherein a write control signal that includes data 
prevailing at the time of program operation is received by 
delay adjusting circuit; at the time of program operation on 
the basis of the clock changeover signal, the programmable 
delay is adjusted and data transfer is performed synchro 
nously between an output source of the write control signal 
and a write destination of the data of the write control signal 
among the delay control information memory of the delay 
adjusting circuit, a state control information memory of the 
state-transition management unit and a configuration infor 
mation memory within the processor element; and at the time 
of data processing on the basis of the clock changeover signal, 
a clock signal obtained by delaying the input clock signal by 
the programmable delay in accordance with the delay control 
information is output. 

In the present invention, the delay control information 
memory of the delay adjusting circuit is provided with data 
input/output control information in addition to the delay con 
trol information, the input/output control information is out 
put as a data input/output control signal in accordance with 
the state number, and the data input/output control signal is 
Supplied to an external circuit that performs a data transfer 
with the data path unit; and the external control circuit con 
trols data input/output by observing the data input/output 
control signal; delay of the clock signal being adjusted by the 
programmable delay in Such a manner that synchronization 
between the data path unit and external circuit is achieved at 
the time of data transfer with the external circuit. 

In the present invention, the delay adjusting circuit 
includes a clock selecting circuit that receives the input clock 
signal and the clock signal output from the programmable 
delay, selects one of received signals based upon the value of 
an entered clock selection signal and Supplies the selected 
signal to the programmable delay. 
The meritorious effects of the present invention are sum 

marized as follows. 
In accordance with the present invention, cycle time of 

each configuration can be adjusted to a predetermined pro 
grammed value by the provision of a delay adjusting circuit. 
In accordance with the present invention, if preceding or 
Succeeding cycle time can be shortened, then cycle time of a 
configuration having a large critical path delay can be elon 
gated correspondingly, maximum operating frequency can be 
raised and processing efficiency can be improved. 
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8 
Other features and advantages of the present invention will 

be apparent from the following description taken in conjunc 
tion with the accompanying drawings, in which like reference 
characters designate the same or similar parts throughout the 
figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating the arrangement of a first 
example of the present invention; 

FIG. 2 is a diagram illustrating the configuration of a pro 
cessor element according to an example of the present inven 
tion; 

FIG.3 is a timing chart useful in describing the operation of 
the first example of the present invention; 

FIG. 4 is a diagram illustrating the arrangement of a second 
example of the present invention; 

FIG. 5 is a flowchart useful in describing the procedure of 
the second example of the present invention; 

FIG. 6 is a diagram illustrating the arrangement of a third 
example of the present invention; 

FIG. 7 is a timing chart useful in describing the operation of 
the third example of the present invention; 

FIG. 8 is a diagram illustrating the arrangement of a fourth 
example of the present invention; 

FIG.9 is a timing chart useful in describing the operation of 
the fourth example of the present invention; 

FIG. 10 is a diagram illustrating an arrangement according 
to the related art; 

FIG. 11 is a diagram illustrating a typical example of the 
configuration of a processor element; 

FIG. 12 is a diagram for describing an overview of opera 
tion of a data path unit; 

FIG. 13 is a diagram for describing an overview of opera 
tion of a data path unit; and 

FIG. 14 is a timing chart for describing the operation of 
FIG 10. 

PREFERRED MODES OF THE INVENTION 

Examples of the present invention will be described in 
detail with reference to the accompanying drawings. 

First Example 

A first example of the present invention will now be 
described. FIG. 1 is a diagram illustrating the configuration of 
an array-type processor according to the first example of the 
present invention, and FIG. 2 is a diagram illustrating the 
configuration of a processor element (PE) in FIG. 1. The 
present invention will be described with reference to FIGS. 1 
and 2. 
As shown in FIG. 1, the array-type processor includes a 

data path unit 10, a state-transition management unit 12 and a 
delay adjusting circuit 13. The structures of the data path unit 
10 and state-transition management unit 12 are similar to 
those shown in FIGS. 10 and 11 illustrating the array-type 
processor of the related art. 
The state-transition management unit 12 includes a 

sequential unit and a state-transition table memory (neither of 
which are shown). The sequential unit of the state-transition 
management unit 12 reads a state number 19 out of the state 
transition table memory and outputs the state number 19 to 
cause a transition in the state of the array-type processor. 
The data path unit 10 has a plurality of processor elements 

(PE) 11 arranged in a two-dimensional array and includes an 
instruction code memory, not shown. 
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As shown in FIG. 2, each processor element 11 includes a 
configuration information memory 111, a function unit 112 
and a wiring connection circuit 113. The wiring connection 
circuit 113, which is a switch element, is provided internally. 
The function unit 112 and wiring connection circuit 113 

correspond to the function unit 202 and wiring connection 
circuit 203, in FIG. 11, respectively. The connection relation 
ship of the circuit, and hence the circuit configuration, is 
decided in accordance with configuration information from 
the configuration information memory 111. 

The function unit 112 has one or more functions such as 
those of an ALU, memory and register (ALU and sequential 
circuit), which are not shown, and has a multiplexer, etc., 
capable of changing the circuit configurations. 
The wiring connection circuit 113 has a function for chang 

ing over the connection of the function unit 112 in each 
processor element 11 and the connections between processor 
elements 11. 
The configuration information memory 111 is a memory 

for storing a plurality of items of configuration information. 
Configuration information 114 is read from an address of the 
configuration information memory 111 pointed to by the state 
number 19 from the state-transition management unit 12 of 
FIG 1. 

Further, an instruction code that has been read out of an 
instruction code memory in the data path unit using the state 
number 19 as an address is decoded. As a result, a decoded 
instruction code 115 is applied to the arithmetic unit and 
sequential circuit (not shown) in the function unit 112. 
The delay adjusting circuit 13 has a delay control informa 

tion memory 14 and a programmable delay 15. 
The delay control information memory 14 stores the plu 

rality of items of delay control information described above. 
Delay control information 17 is read out using the state num 
ber 19 from the state-transition management unit 12 as an 
address. The delay control information 17 is output to the 
programmable delay 15, thereby controlling the delay of the 
programmable delay 15. 
The programmable delay 15 delays an entered global clock 

(GCLK) 16 by a delay specified by the delay control infor 
mation 17 and outputs the clock as a local clock (LCLK) 18. 
It should be noted that the clock GCLK is supplied from 
outside the array-type processor or from an internal clock 
generator. 

It should be noted that the state number 19 distributed from 
the state-transition management unit 12 to the data path unit 
10 and delay adjusting circuit 13 is constituted as an operation 
control path, by way of example. Further, the signal from the 
data path unit 10 (e.g., the event notification path of the 
related art example) is deleted. 

In the array-type processor of the present invention, the 
state number 19 that forms the basis of operation has been 
correlated as a reference number with a configuration infor 
mation and instruction code stored in the processor element 
11 and instruction code memory (not shown), respectively. In 
addition, the state number 19 has been correlated with delay 
control information stored in the delay control information 
memory 14. 
More specifically, it will suffice if the state number is 

handled as the addresses of the configuration information 
memory 111, instruction code memory and delay control 
information memory 14. 

These items of information are created when an application 
is compiled and they are stored in the corresponding memo 
ries before the application is executed. 
The operation of the array-type processor according to the 

present invention thus constructed will now be described. 
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10 
First, the state-transition management unit 12 outputs the 

state number 19. In other words, the sequencer in the state 
transition management unit 12 reads the state signal out of the 
state-transition table memory and outputs the state signal. 

Each processor element 11 within the data path unit 10 
accepts the State number 19 from the state-transition manage 
ment unit 12. The state number 19 enters the configuration 
information memory 111 (see FIG. 2) in each processor ele 
ment 11, and configuration information is read out of the 
memory using the state number 19 as an address. 
The configuration information is input to the function unit 

112 and wiring connection circuit 113 in the processor ele 
ment 11. 

In accordance with the configuration information, the wir 
ing connection circuit 113 makes connections within the pro 
cessor element 11 and makes connections between processor 
elements 11. 
On the other hand, the state number 19 is sent to the 

instruction code memory within the data path unit 10, in 
response to which an instruction code corresponding to this 
state number is read out of the memory. Here also the state 
number 19 has been associated with the address of the instruc 
tion memory. The instruction code read out is decoded, and 
the decoded instruction code 115 is applied to the function 
unit 112 of the processor element 11. 

In accordance with the configuration information thus 
input, the function unit 112 changes the circuit configuration 
and executes processing in accordance with the instruction 
code 115. 

In the overall data path unit 10, therefore, a data path that 
operates in one cycle is constructed and processing is 
executed. 

Further, the delay adjusting circuit 13 accepts the state 
number 19 from the state-transition management unit 12. The 
state number is input to the delay control information 
memory 14 in the delay adjusting circuit 13 and delay control 
information 17 is read out using this state number as an 
address. 
The delay control information 17 read out is input to the 

programmable delay 15. 
The programmable delay 15 delays the global clock 

(GCLK) 16 by the amount of delay decided by the delay 
control information 17 and outputs the local clock (LCLK) 
18. In other words, the delay control information 17 is infor 
mation for adjusting the timing of the clock of each processor 
element in accordance with the configuration of the data path 
unit and content of the instruction code that prevail in the 
array-type processor when the array-type processor is in the 
state indicated by the corresponding state number 19. 
The result of the processing executed in this state is deliv 

ered in accordance with the configuration of the data path unit 
to other processor elements and to the processor element of 
this data path unit through the wiring connection circuit 113 
and path within the processor element, a similar transition 
conforming to the next state number (state) that is output by 
the state-transition management unit 12 is performed and the 
Succeeding processing is executed. 
The operation for adjusting the timing of the clock in the 

first example of the present invention will be described with 
reference to FIG.3. In FIG.3, T1, T2, T3, T4 and T5 represent 
the rise timings of the local clock, and C1, C2, C3 and C4 
represent the intervals between these timings. A reference 
clock shown in FIG. 3 is illustrated in order to facilitate 
understanding. In a case where the global clock (GCLK) 16 is 
delayed by a fixed delay and the cycle time is not changed by 
delay control, the reference clock is output as the local clock 
(LCLK) 18. 
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Further, d1 d2, d3 and d4 are delay values of critical 
(maximum delay) paths of data paths formed in each cycle. 
The delay value differs depending upon the data path 

formed. Here d3 is the largest and is greater than the cycle 
time of the global clock. 

The basic operation of the processor element 11 will be 
described taking one cycle of operation as an example. 

At the rise time T1 of the local clock (LCLK), the state 
number 19 prevailing at this time is held in the configuration 
information memory 111 and delay control information 
memory 14, and the items of configuration information 114 
and delay control information 17 are read out using the state 
number 19 as an address. 

In a case where data memories and flip-flops are provided 
in the processor element 11 and a read-out operation has been 
designated by the configuration information, this data is read 
Out. 

A function conforming to the configuration information is 
formed within each processor element 11, and a data path is 
formed as the overall data path unit 10. 
An operation is performed in the formed data path, and the 

operation ends after the delay d1. 
At time T2, the result of the operation on the data path is 

written to those data memories and flip-flops in the processor 
element for which a write operation has been designated by 
the configuration information. 

Further, the programmable delay 15 delays the global 
clock (GCLK) 16 in accordance with the delay control infor 
mation 17 and decides the rise timing of the local clock 
(LCLK) of the next cycle. 
The rising edge of the local clock (LCLK) is made earlier 

than that of the reference clock at time T3 and is made later at 
time T4. As a result, the cycle time of the interval C3 is longer 
than the cycle time of the reference clock. 

The cycle time is fixed in the related art. Further, the data 
paths formed have respective critical paths, and it is necessary 
that cycle time be made larger than the maximum values of 
these delays. 
By contrast, the present invention is capable of adjusting 

the cycle time of each configuration to a previously pro 
grammed value by providing the delay adjusting circuit. 

In a case where the cycle times preceding and Succeeding 
the cycle time of a configuration having a large critical path 
delay can be shortened, the cycle time of the configuration 
having a large critical path delay is able to be elongated 
correspondingly. As a result, the maximum operating fre 
quency can be raised and processing efficiency improved. 

In this example, naturally the wiring connection circuit 
113, which is a switch element, and the configuration infor 
mation memory 111 may be constructed as blocks separate 
from the processor element 11. Conversely, the delay adjust 
ing circuit 13 and instruction code memory (not shown) may 
be incorporated in the processor element 11. 

The arrangement above is one in which the state number 19 
serves as an address. However, it is possible to adopt an 
arrangement in which the address is made an address associ 
ated with the state number 19 and this address is allocated to 
the configuration information memory 111, instruction code 
memory (not shown) and delay control information memory 
14. 

Next, reference will be had to FIG.5 to describe a method 
of generating a state number, configuration information, 
instruction code and delay control information in the array 
type processor of the present invention. In this specification, 
the generation of these items is referred to as “compilation'. 
FIG.5 is a flowchart illustrating a method of generating a state 
number, configuration information, instruction code and 
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12 
delay control information in the array-type processor of the 
present invention in all examples thereof. As described above, 
these items are generated by compiling an application pro 
gram. Before the array-type processor is actually operated, 
the state numbers are stored in the state-transition table 
memory, the configuration information is stored in the con 
figuration information memory 111, the instruction codes are 
stored in the instruction code memory and the delay control 
information is stored in the delay control information 
memory 14. 

Data processing (an application program) of interest is 
divided into processing executed by the data path unit and 
processing executed by the state-transition management unit 
(step S1). Specifically, the data processing of interest is 
divided into a plurality of processes, the divided processes are 
assigned to the data path unit 10, and control of the processing 
sequence of the divided processes is assigned to the state 
transition management unit 12. The processing sequence of 
the divided processes is indicated as the order of storage of 
state numbers stored in the state-transition table memory. 

Next, the processing executed by the data path unit 10 is 
mapped to the data path unit (step S2). That is, assignment of 
the processor elements 11 and the Switch connections is car 
ried out. Since the mapping here is compilation processing, it 
is carried out virtually and there is no change in the actual 
circuit configuration of the data path unit. After the mapping 
to the data path unit 10 is performed, the critical path delay of 
each configuration Surface is performed and the maximum 
value thereof is found (step S3). The critical path is the maxi 
mum propagation delay time of the data on the data path of a 
combinational logic circuit in the sequence circuit generated 
by mapping. The reciprocal of this maximum delay is adopted 
as the provisional maximum operating frequency. 

Next, whether the actual maximum operating frequency 
can be made faster than the provisional maximum operating 
frequency is determined by the mechanism of the program 
mable delay 15. 

Specifically, note is taken of the configuration for which 
the critical path delay is largest, and whether there is any 
margin (timing margin) on either side is determined. If there 
is margin, then the margin is used to lengthen the cycle time 
of the configuration for which the critical path delay is largest. 
In other words, the amount of margin that can lengthen the 
clock cycle time is correlated with a state number and gener 
ated as the delay control information 17. 
Mapping information and delay control information is 

computed (step S4), as described above, and this is finally 
encoded into data of a format that can be written to memory 
(step S5). 

Second Example 

A second example of the present invention will be 
described next. FIG. 4 is a block diagram in the second 
example of an array-type processor having the delay adjust 
ing circuit of the present invention. The second example is 
obtained by providing the first example with a write control 
signal 20 and clock changeover signal 21. 
The write control signal 20 and clock changeover signal 21 

are input from outside the array-type processor of the inven 
tion and are utilized in order to control write (read-in) of a 
state number, configuration information, instruction code and 
delay control information (referred to below as “items of 
data' in this example) from outside the array-type processor 
of this invention and in order to control the synchronization 
timing of input/output signals to and from the exterior of the 
array-type processor. 
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The write control signal 20 is input to the delay control 
information memory 14 of the delay adjusting circuit 13, a 
state control information memory 121 in the state-transition 
management unit 12 and the configuration information 
memory 111 in each processor element 11, and controls the 
writing of data to these memories. The data written to these 
memories is created through the flow of FIG. 5. 
The clock changeover signal 21, on the other hand, is input 

to the programmable delay 15. 
The operation of the array-type processor of this example 

using the write control signal 20 and clock changeover signal 
21 will be described below. 
The generation of the items of data to the array-type pro 

cessor shown in FIG. 5 is executed before the start of data 
processing using the state-transition management unit 12 and 
data path unit 10. 
The clock changeover signal 21 is a signal for performing 

control to change over the output of the programmable delay 
15 between a signal for when the items of data are written and 
signal for when data processing is executed. When the items 
of data are written, the programmable delay 15 is adjusted in 
Such a manner that data transfer between the output source of 
the write control signal 20 and the data write destination 
(delay control information memory 14, state control informa 
tion memory 121 and configuration information memory 111 
in the processor element 11) will be performed synchro 
nously. For example, when items of data are written, the delay 
of the programmable delay 15 becomes Zero. 

Further, when data processing is executed, the local clock 
(LCLK) 18 obtained by delaying the global clock (GCLK) 16 
in accordance with the delay control information 17 is output 
in a manner similar to that of the first example. 
The write control signal 20 is composed of data, an address 

designating the write destination and a write-enable signal. 
When the items of data are written, first the programmable 

delay 15 is changed over by the clock changeover signal 21 
and writing is performed in Sync. 

Next, writing is performed by controlling the data, address 
and enable of the write control signal 20. Following the end of 
program operation, the clock is changed over by the clock 
changeover signal and data processing is started. 
By using the clock changeover signal 21 to change over the 

clock output between the output when the items of data are 
written and the output at the time of data processing, synchro 
nization with the external source of write can be achieved 
when the items of data are written. At the time of data pro 
cessing, cycle time can be changed using the programmable 
delay 15. 

Third Example 

A third example of the present invention will be described 
next. FIG. 6 is a diagram illustrating the configuration of the 
third example. The third example is obtained by providing the 
first example with a data input/output control signal 22. The 
data input/output control signal 22 controls whether or not to 
perform a transfer between the data path unit 10 and registers 
or memories in an external circuit 23. 
The delay control information memory 14 has data input/ 

output control information in addition to delay control infor 
mation. Further, the data input/output control information 
also is associated with the state number 19. In addition to the 
configuration information conforming to the state number 19, 
the delay adjusting circuit 13 outputs the data input/output 
control information from the delay control information 
memory 14 as the data input/output control signal 22. 
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FIG. 7 is a timing chart useful in describing the operation of 

the third example of the present invention. In FIG. 7, T1, T2, 
T3, T4 and T5 represent the rise timings of the local clock 
(LCLK), and C1, C2, C3 and C4 represent the intervals 
between these timings. A reference clock shown in FIG. 7, is 
illustrated in order to facilitate understanding. In a case where 
the global clock (GCLK) 16 is delayed by a fixed delay and 
the cycle time is not changed by delay control, the reference 
clock is output as the local clock (LCLK). Further, d1 d2, d3 
and d4 are delay values of critical (maximum delay) paths of 
data paths formed in each cycle. The delay value differs 
depending upon the data path formed. Here d3 is the largest 
and is greater than the cycle time of the global clock. 

In the example shown in FIG. 6, the data input/output 
control signal 22 is a single bit. In a case where the level is 
high at the rising edge of the clock, data is loaded in the 
registers and memories of the external circuit 23. Although 
output of data to the external circuit 23 is taken as an example 
here, it is also possible to input data to the data path unit at the 
same timing. 
The cycle time of the clock supplied to the data path unit 10 

can be changed by the programmable delay 15. 
However, the external circuit 23 that performs the data 

transfer with the data path unit 10 usually operates at a fixed 
clock cycle. In the example shown in FIG. 7, a data transfer 
with the external circuit 23 is performed at timing T5. 
The timing T5 at which the local clock (LCLK) rises is 

decided by the delay control information 17 read out in the C4 
cycle. This delay information has been set beforehand so as to 
be in sync with the reference clock. 

Further, the data input/output control signal 22 also has 
been set to “1”. At timing T5, “1” is output as the data 
input/output control signal. 
As a result, the data path unit 10 operates in sync with the 

external circuit 23 at timing T5. 
In a case where the data input/output control signal 22 is 

“1”, it will suffice to input or output data to or from the 
external circuit 23. 
At the time of the data transfer with the external circuit 23, 

the local clock (LCLK) is adjusted-by the programmable 
delay 15, thereby making it possible to achieve synchroniza 
tion between the data path unit 10 and external circuit 23. 
Furthermore, by outputting the data input/output control sig 
nal 22 to the external circuit 23, data input/output with respect 
to the external circuit 23 can be controlled by observing this 
signal. 

Fourth Example 

A Fourth example of the present invention will be 
described next. FIG. 8 is a diagram illustrating the configu 
ration of the fourth example. The fourth example is obtained 
by providing the first example with a clock selecting circuit 
(MUX) 24 and a clock selecting signal 25. 
The global clock (GCLK) 16, local clock (LCLK) 18 and 

clock selecting signal 25 are input to the clock selecting 
circuit 24. The global clock (GCLK) or local clock (LCLK) is 
selected and output by the clock selecting signal 25. The 
output of the clock selecting circuit 24 is input to the pro 
grammable delay 15. 

FIG.9 is a timing chart useful in describing the operation of 
the fourth example of the present invention. In FIG.9, T1, T2, 
T3, T4 and T5 represent the rise timings of the local clock 
(LCLK), and C1, C2, C3 and C4 represent the intervals 
between these timings. A reference clock shown in FIG. 9 is 
illustrated in order to facilitate understanding. In a case where 
the global clock (GCLK) 16 is delayed by a fixed delay and 
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the cycle time is not changed by delay control, the reference 
clock is output as the local clock (LCLK). Further, d1 d2, d3 
and d4 are delay values of critical (maximum delay) paths of 
data paths formed in each cycle. 
The delay value differs depending upon the data path 

formed. Here d3 is the largest and is greater than the cycle 
time of the global clock (GCLK). 

The clock selecting circuit 24 outputs the global clock 
(GCLK) when the clock selecting signal 25 is at the high level 
and outputs the local clock (LCLK) when the clock selecting 
signal 25 is at the low level. 

Since the clock selecting signal 25 is at the high level at 
timings T1 and T5, the clock selecting circuit 24 selects the 
global clock (GCLK) at these timings. 

Since the clock selecting signal 25 is at the low level at 
timings T2, T3 and T4, on the other hand, the clock selecting 
circuit 24 selects the local clock (LCLK) at these timings. 
When the local clock (LCLK) rises, the delay control infor 

mation 17 is read out of the delay control information 
memory 14 using the state number 19 as the address. 
The programmable delay 15 delays the output clock of the 

clock selecting circuit 24 in accordance with the delay control 
information 17. 
The delay control information memory 14 is set before 

hand in Such a manner that the Smallest delay value that is 
greater than the critical path delay time of the data path is 
selected. 

In other words, in this example, the next clock cycle of 
LCLK can be output by applying an amount of delay, which 
is indicated by the delay control information 17, to the imme 
diately preceding LCLK. Consequently, although cycle time 
cannot be elongated in a case where cycles before and after 
have no margin in the first example, cycle time can be decided 
in the fourth example irrespective of the cycles before and 
after. As a result, cases where adjustment is possible increase 
and operating frequency can be improved further. 

It is so arranged that the timings T1 and T5 in FIG. 9 are 
forcibly made to conform to the reference clock in order to 
achieve synchronization with external circuitry. 

All of the examples mentioned above illustrate examples of 
array-type processors in which configuration information and 
an instruction code that have been associated with a state 
number are stored in a configuration information memory and 
instruction code memory, respectively. 

However, it goes without saying that the configuration 
information and instruction code may be lumped together and 
stored in the configuration information memory, and the con 
figuration information and instruction code may be output 
from the configuration information memory to the data path. 
In this case, there are also instances where the state number is 
referred to as a configuration number in an array-type proces 
sor of this kind. Accordingly, it is possible for the array-type 
processor of the present invention to be constructed in Such a 
manner that the configuration number is stored in the state 
transition management unit 101, the circuit configuration of 
the data path unit and the instruction executed are changed by 
the configuration information, instruction code and delay 
control information 17 that have been associated with this 
configuration number, and the application is executed upon 
simultaneously changing the clock cycle that decides the 
timing of any operation by the delay control information 17. 

In the related art, cycle time is fixed, there are critical paths 
for respective ones of data paths formed, and it is required that 
cycle time be made larger than the maximum value of these 
delays. 
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By contrast, in accordance with the present invention, there 

is provided the delay adjusting circuit so that the cycle time of 
each configuration can be freely adjusted to a predetermined 
programmed value. 

In a case where cycle times, before and/or after the cycle 
time of a configuration having a large critical path delay, can 
be shortened, the cycle time of the configuration having a 
large critical path delay can be elongated correspondingly. 
As a result, the maximum operating frequency can be 

raised and processing efficiency improved. 
Though the present invention has been described in accor 

dance with the foregoing examples, the invention is not lim 
ited to these examples and it goes without saying that the 
invention covers various modifications and changes that 
would be obvious to those skilled in the art within the scope of 
the claims. 

It should be noted that other objects, features and aspects of 
the present invention will become apparent in the entire dis 
closure and that modifications may be done without departing 
the gist and scope of the present invention as disclosed herein 
and claimed as appended herewith. 

Also it should be noted that any combination of the dis 
closed and/or claimed elements, matters and/or items may fall 
under the modifications aforementioned. 
What is claimed is: 
1. An array-type processor comprising: 
a data path unit that includes a plurality of processor ele 

ments arranged in an array; 
a state-transition management unit that stores information 

for controlling changeover of a data path; and 
a delayed adjusting circuit that adjusts a delay of an input 

clock signal sue shied to said delay adjusting circuit, 
based upon information output from said State-transition 
management unit, and provides the delay-adjusted clock 
signal to the data path unit; length of the clock cycle of 
the delay-adjusted clock signal being adjustably 
changed in accordance with a critical path delay of the 
data path to be configured, the critical path including a 
plurality of the array processor elements of the data path 
to be configured, the critical path delay being the delay 
time of the critical path, 

wherein said delay adjusting circuit includes: 
a delay control information memory; and 
a programmable delay; 

wherein said delay control information memory stores a 
plurality of items of delay control information, 

delay control information is read out using a state number 
Supplied from said state-transition management unit as 
an address, and the delay control information is Supplied 
to said programmable array; and 

said programmable delay delays the clock signal by a delay 
time specified by the delay control information and pro 
vides the delayed clock signal to said data path unit, 

wherein said delay adjusting circuit receives a clock 
changeover signal for controlling changeover of an out 
put from said programmable delay between an output at 
the time of program operation and an output at the time 
of data processing; and receives a write control signal 
that includes data prevailing at the time of program 
operation; 

at the time of program operation on the basis of the clock 
changeover signal, said programmable delay is adjusted 
and data transfer is performed synchronously between 
an output source of the write control signal and a write 
destination of the data of the write control signal among 
said delay control information memory of said delay 
adjusting circuit, a state control information memory of 
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said state-transition management unit and a configura 
tion information memory within the processor element; 
and 

at the time of data processing on the basis of the clock 
changeover signal, a clock signal obtained by delaying 
the input clock signal by said programmable delay in 
accordance with the delay control information is output. 

2. The array-type processor according to claim 1, wherein 
each processor element includes: 

a configuration information memory that holds a plurality 
of items of configuration information, the configuration 
information being read out using a state signal Supplied 
from said state-transition management unit, as an 
address; 

a function unit that includes at least one function from 
among the function of an ALU, the function of a memory 
and the function of a register; and 

a wiring connection circuit that changes over connection 
configuration in said function unit in the processor ele 
ment and connection configuration with other processor 
elements; 

wherein said function unit and said wiring connection cir 
cuit have connection configuration and operation each 
decided by associated configuration information output 
from said configuration information memory. 
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3. The array-type processor according to claim 1, wherein 

said delay control information memory of said delay adjust 
ing circuit is provided with data input/output control infor 
mation in addition to the delay control information; 

the input/output control information is output as a data 
input/output control signal in accordance with the state 
number, and the data input/output control signal is Sup 
plied to an external circuit that performs a data transfer 
with said data path unit; and 

the external control circuit controls data input/output by 
observing the data input/output control signal; delay of 
the clock signal being adjusted by said programmable 
delay in Such a manner that synchronization between 
said data path unit and external circuit is achieved at the 
time of data transfer with the external circuit. 

4. The array-type processor according to claim 1, wherein 
said delay adjusting circuit includes a clock selecting circuit 
that receives the input clock signal and the clock signal output 
from said programmable delay, selects one of the received 
signals based upon the value of a clock selection signal Sup 
plied thereto and Supplies the selected signal to said program 
mable delay. 


